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Fig. 1 Illustration of grid discretization

showing spatial locations and node indices
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Fig. 3 Illustration of random dropout processing
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Application of Physics-Informed Neural Networks in Solving the Advection-Diffusion
Equation of Uranium Migration in Groundwater

ZHANG Zhe'an, PENG Zhiting, BAI Yunlong, LIU Longcheng
(Beijing Research Institute of Chemical Engineering and Metallurgy, CNNC, Beijing 101149, China)

Abstract: In the in-situ leaching of uranium, uranium migration is influenced by both groundwater
flow and solute diffusion, and this process can be effectively modeled using the advection-diffusion e-
quation. Accurately modeling the variation of uranium concentration over time and space is crucial for
predicting uranium migration in groundwater during in-situ leaching of uranium. Traditional numerical
methods, such as the finite difference method, are computationally intensive and prone to errors while
dealing with high-dimensional, complex problems. Therefore, this research aims to explore the appli-
cability and accuracy of physics-informed neural networks (PINN) in solving the advection-diffusion e-
quation. Through numerical simulations of the one-dimensional advection-diffusion equation, and by
comparing the PINN solutions with numerical and analytical solutions. The results show that PINN
provide higher accuracy and better alignment with the analytical solution over long-term simulations
compared to numerical methods. Furthermore, PINN exhibit certain extrapolation capabilities. Addi-
tionally, the introduction of dropout enhances the generalization ability and convergence speed of the
PINN model, confirming the potential of PINN in solving complex physical problems.

Key words: in-situ leaching of uranium; uranium migration; advection-diffusion equation; physics-in-

formed neural network; finite difference numerical simulation
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(Continued from page 17)
Lithology Identification Comparison on Geophysical Logging Data of In-situ
Leaching Uranium Based on Multiple Machine Learning Algorithms
ZOU Yuhan', LI Qinci"?, QUE Weimin"?, HUANG Liang®, WU Tongpan*,
DU Zhiming"?, JIANG Zhenjiao’, CHEN Xuanyi®
(1. Beijing Research Institute of Chemical Engineering and Metallurgy, CNNC, Beijing 101149, China;
2.China Nuclear Mining Science and Technology Corporation, CNNC, Beijing 101149, China; 3.Key Laboratory of
Groundwater Resources and Environment, Ministry of Education, Jilin University, Changchun 130015, China;

4. College of Resources, Environment and Safety Engineering, University of South China, Hengyang 421001, China)

Abstract: Machine learning algorithms can automatically learn and extract features from a large amount of ge-
ological data to achieve fast and accurate lithology identification. In this paper, the logging data of several
wells in a sandstone-type uranium deposit in Inner Mongolia were randomly divided into training sets and veri-
fication sets according to the ratio of 7:2. The model structure was adjusted and the hyperparameters were
optimized for training. BC1401, BC2802, BC4603 and BC7206 well were used for testing to realize the com-
parative analysis of 5 kinds of models, such as random forest, XGBoost, K value proximity algorithm, BP
neural network and SMOTE-LSTM algorithm. The results show that SMOTE-LSTM model has the most
superior stability and accuracy, with an accuracy of 84.6%.

Key words: in-situ leaching of uranium; machine learning; sandstone-type uranium deposit; lithology

identification; logging data; SMOTE-LSTM model; XGBoost model





